Earlier I explored models for the heteroaromatic electrophilic protiodecarboxylation of an 3-substituted indole, focusing on the role of water as the proton transfer and delivery agent. Next, came models for both water and the general base catalysed ionization of indolinones. Here I explore general acid catalysis by evaluating the properties of two possible models for decarboxylation of 3-indole carboxylic acid, one involving proton transfer (PT) from neutral water in the presence of covalent un-ionized HCl (1) and one with PT from a protonated water resulting from ionised HCl (2).
The original study [1] 1. An IRC for Model 1 shows that the proton relay takes the red path, whereas without the HCl the green path is followed.
The transition state free energy however is ..
2. 10.6 ‡ or 12.6 † kcal/mol higher than model 2 (click on the image below to load a 3D model). The general acid catalysed model is therefore preferred. The difference in free energy between the two models corresponds to a rate acceleration of >10 6 , which is indeed similar to that observed [1] .
I'VE STARTED SO I'LL FINISH. KINETIC ISOTOPE EFFECT MODELS FOR A GENERAL ACID AS A CATALYST IN THE PROTIODECARBOXYLATION OF INDOLES. : CHEMISTRY
The clincher comes with calculation [3] of the kinetic isotope effects (KIE). For general acid catalysis, they were measured as k
For model 1, using an un-ionised reactant and un-ionised transition state, the calculated KIE is 5.69 (very similar to that calculated for the water catalysed reaction, 5.66) but not a good fit to experiment. For model 2, using the same un-ionised reactant but an ionised transition state, KIE = 2.04, a much better fit. For model 2, using ionised reactant AND transition state, KIE = 2.45, an even better fit to experiment. So we now have a model for the general acid catalysed decarboxylation of a 3-indole carboxylate which agrees with both the kinetic behaviours and the isotope effects measured for this reaction. Since the barrier is a relatively large one, proton tunnelling may play a lesser role in this interpretation, and the stage is set to use this model to e.g. explore how isotope effects are indeed influenced by tuning the reactivity using ring substitutents, the original purpose of my researches all those years ago. Perhaps the catch phrase I've started so I'll start is now more apposite.
